Abstract: Polyvinyl alcohol (PVA) is a nontoxic and thermoplastic polymer which is completely biodegradable. PVA shows excellent mechanical and thermal properties due to better interfacial adhesion with reinforcing material such as fibers, particles or flakes because of which it can be used for fabrication of composite. PVA based fiber or particle reinforcing composites have gained interest in many applications in different fields. This paper reviews the mechanical and water absorption properties studied by different researcher and some of them were discussed here. The article also focused on the effect on the mechanical properties on PVA based composites with particle or fiber used as reinforcing material at nano/micro level and different polymers used to prepare PVA blend films. The major disadvantage of PVA based composites/films is higher water uptake or solubility in water. To over this negative aspect, many researchers studied crosslinking of PVA based composites/films, which are also discussed in the article. This review concludes that PVA has the potential for use in the synthesis of composites/films with their abundant applications.
Introduction
Synthetic and natural are two main classifications of polymers. Starch, chitin, protein, Lignin, shellac, cellulose etc. come under natural polymer whereas poly(amides) [1] , poly(anhydrides), poly(amide-enamines) Poly(vinyl alcohol), poly(ethylene-co-vinyl alcohol), poly(vinyl acetate), polyesters, poly(glycolic acid), poly(lactic acid), poly(caprolactone), poly(ortho esters) etc. come under synthetic polymer. Ecological concerns such as recyclability and environmental safety have resulted in renewed attention in the natural polymer resin. As compared with petroleum [2] based thermoset plastics which are toxic and non-biodegradable. Biodegradable polymers decomposed by the action of microorganisms converted into the form of H 2 O and CO 2 . These H 2 O and CO 2 are absorbed into the plant systems. Other environmental benefits of bio-based polymers include low embodied energy, CO 2 sequestration, reduced depletion of fossil-based resources and an optimistic impact on agriculture. Due to increase in the awareness of environmentally sustainable technology demand of bio-composite or green composite material have received significant interest in past few year. As per the market survey, there are 235 million tons polymer production was found for 2011 and out of which bio-based polymer share about 1.5% i.e. 3.5 million tons which are going to be increase by 3% at end of 2020. Polyvinyl alcohol (PVA) also known as polyethenol, most commonly used polymer as an adhesive product and making other polymers. PVA is cheap and easily available polymers exist in white powder form.
Polyvinyl alcohol (PVA) chemical formula shown in Figure 1 is synthetic biodegradable thermoplastic polymer [3] which is nontoxic and has application in different fields such as resins, medical, building industry, packaging materials etc. Herman and Haehnel in 1924 [4] were first to prepare PVA from polyvinyl esters. After 2 year it was used in textile industry in Germany. The expansion of application of PVA has been prompted largely in other area such as: in 1951 Levine et al. [5] studied use of PVA as plombage material for thoracic surgery; in 1979 Sumita et al. [6] prepared the semiconducting CuI surface layer by coagulation of polymer -Cu 2 complexes in PVA and polyacrylamide; in 1986 Tamura et al. [7] developed gelling polyvinyl alcohol and their medical use was examined; Hirai in 1994 investigated gel of PVA highly swollen with dimethyl sulfoxide as a gel actuator; Xu et al. [8] studied the crosslinking systems between bifunctional aldehydes and PVA to improve the paper wet strength; in 2011 Patil et al. [9] synthesized PVA/polyaniline (PANI) thin films for supercapacitor application; Stefani et al. [10] develop and characterize a time temperature indicator (TTI) based on a PVA/Chitosan polymeric doped with anthocyanins in order to indirectly indicate food quality changes and applications of PVA are shown in Table 1 .
PVA based film/composite
In this section review of mechanical properties and water absorption capacity of PVA based film/composite has been done from last 10 to 12 year. Due to better interfacial adhesion between the PVA matrix and fiber PVA composites were mechanically stronger and tougher and have a potential for use in several applications. PVA is completely soluble in water due to the presence of free hydroxyl groups in the polymeric matrix which is the disadvantage of PVA based film/composite, therefore, water absorption capacity tests are one of the major design criteria.
Mechanical properties of PVA based composites/films
Better interfacial adhesion between the PVA matrix and fibers, fiber reinforced PVA composites were mechanically stronger and tougher than the PVA film which results in wide application of PVA for composite material. Kiro et al. [23] [24] fabricated PVA based crosslinked composite in which structural modification was done by glutaric acid (GA) and reinforced with tungsten disulfide nanotubes nanoparticle (WSNTs). Three types of PVA films were prepared, i.e. neat PVA, thermally crosslinked PVA (TH-CL-PVA) and glutaric acid crosslinked PVA (GA-CL-PVA) and in each type, WSNT was added as reinforcement. SEM image of WSNT-PVA composite is shown in Figure 3A . It was found that WSNT-TH-CL-PVA shows the maximum tensile strength of 139.9 MPa with Young's modulus of 7.1 GPa and WSNT-GA-CL-PVA shows maximum toughness of 85.68 MPa. In 2015 Guzman-Puyol et al. [25] studied the effect of trifluoroacetic acid (TFA) on PVA and PVA-cellulose composite. The neat PVA film has Young's modulus 2.75 GPa with 57% of elongation whereas PVA-TFA film has Young's modulus 25 MPa with elongation of 693% from above result it was concluded that TFA act as the plasticizer. In 2013 Li et al. [26] studied the effect of ultrasonication on graphene oxide (GO)/PVA composite. The GO suspension obtained was diluted to 5 mg/ml and then ultrasonicated for 0-5 h were added to 10 wt.% PVA DI water solution. Tensile property of GO-PVA is 12.6% higher than neat PVA film and maximum strength is 82.5 MPa for 30 min ultrasonication. In 2013 Li et al. [26] studied the effect of ultrasonication on graphene oxide (GO)/PVA composite The GO suspension obtained was diluted to 5 mg/ml and then ultrasonicated for 0-5 h were added to 10 wt.% PVA DI water solution. Tensile property of GO-PVA is 12.6% higher than neat PVA film and maximum strength is 82.5 MPa for 30 min ultrasonication. In 2010 Ibrahim et al. [27] synthesized PVA based film in which nanospherical cellulose obtained from cotton linter and bleached linen were used as reinforcement particles. Tensile strength of bleached linen composite was increased up to 20 wt.% whereas the strength of composite decrease with the presence of cotton linter. Ching et al. [28] in 2010 fabricated polyvinyl alcohol based composite in which cellulose nanocrystals and nanosilica were used as a reinforcement material. To prepared the films 10 wt.% PVA solution with water was stirring the solution at 90°C for 2 h and after cooling to room temperature nanocrystals cellulose (1-7 wt.%) and nanosilica (0.5%) were added. Figure 3D . Nath et al. [30] fabricated PVA based composited reinforced with unmodified fly ash (FA) and modified with sodium lauryl sulfate (SLS). The addition of FA/SLS-FA to neat PVA result in increased in tensile strength of film by 74.8% and 33%, respectively. In 2008 Lu et al. [31] developed polyvinyl alcohol based composite in which microfibrillated cellulose was used [11] 1944 Sulfathiazole in PVA Determine the rate and depth of diffusion of sulfathiazole into the underlying tissue
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Soil science Borowiec and Domżał [17] 1979 PVA and polyacrylamide films with polymer-Cu 2+ complexes Semiconducting cuI surface layers Electronic Fukuda and Kuze [6] 1979 PVA Crust strength of silty soils Soil science Page [18] 1986 Water and PVA Development of hydrogel and its medical application Medical Tamura et al. [7] 1990 Polydepsipeptide dissolved chloroform/ dichloroacetic acid pouring into PVA solution Polydepsipeptide microsphere for drug delivery systems Medical Yoshida et al. [19] 1994 PVA with dimethyl sulfoxide Highly swollen polymer gel actuator Medical Hirai et al. [20] 2003 Bifunctional aldehydes and PVA Improving paper wet/paper sheet strength Xu et al. [8] , Kamel et al. [21] 2005 PVA and epichlorohydrin Swollen PVA gel Medical Li et al. [22] 2011 PVA/polyaniline thin films Supercapacitor application Electronic Patil et al. [9] 2015 Chitosan/PVA films Time temperature indicator to indirectly indicate food quality changes Stefani et al. [10] as a reinforcement material. To prepared film 5 wt.% PVA solution with water was stirring at 95°C for 2 h and after cooling to room temperature microfibrillated cellulose (1, 5, 10 and 15 wt.%) was added. Mechanical testing of PVA based film is done. The Young's modulus and tensile strength increased with increasing the MFC content up to 10 wt.% and then tends to level off at higher MFC content. At 10 wt.% MFC content, Young's modulus of the composite film increases by 40%. Ching et al. [28] fabricated and characterized of polyvinyl alcohol (PVA) based composite reinforced with nanocellulose and nanosilica using film casting technique and concluded that 3 wt.% of nanocellulose optimized the tensile strength and tensile modulus of the composite. Further addition of nanosilica remarkably improved the tensile strength and tensile modulus of PVA composite which can be detected by thermomechanical properties. Table 2 represent mechanical properties of different PVA based composites/films in details.
PVA based biocomposite
Due to sustainability and environment impact issue attention toward environmentally friendly and complete degradability has been shifted. From past 10 to 12 years developments of biodegradable material have been increased. Figure 2 represents the procedure for obtaining PVA based composite/film. PVA is completely biodegradable and widely used for synthesis of biomaterials. Qiu and Netravali [37] fabricated microfibrillated cellulose (MFC)/PVA biodegradable composite at different content (5%, 10%, 15%, 20%, 30%, 40% and 50% by wt). The effect of crosslinking with glyoxal was also studied. It was found that neat PVA has fracture strength 34.1 MPa while strength goes on increasing with increase in the percentage of MFC upto 40% with the strength of 89.9 MPa. Figure 3B represents the SEM image of fracture surface of MC-PVA composite. Abdulkhani et al. [38] prepared cellulose/PVA biocomposite film which is pretreated with 1-n-butyl-3-methylimidazolium chloride. It was found that cellulosic film shows higher tensile strength as compared with cellulose/PVA film. In 2011 Zhang et al. [36] prepared PVA/cellulose biocomposite before mixing the cellulose fiber subjected to panmilling to break intra-and inter-molecular hydrogen bonds. The tensile result shows that with the increase in number of cycle of pan-milling the strength is increased and maximum value obtained at 40 pan-milling cycles i.e. 16.4 ± 0.2 MPa. Marvdashti et al. [44] improved the physicochemical properties of Alyssum homolocarpum seed gum (AHSG) films using polyvinyl alcohol (PVA).
FTIR and SEM results showed the formation of hydrogen bonds or other interactions between the OH group of PVA and the OH and carboxyl groups of AHSG, forms a uniform and homogeneous network and improves the mechanical strength of the blend films with high PVA. These results indicated that PVA/AHSG blend films had good compatibility. With the increase in AHSG percentage in blend films, the ductility of the film is decreased. Table 2 represent mechanical properties of different PVA based composites/films in details.
PVA based films
Due to vast application of PVA such as in food industry, packaging industry and medical field development of PVA based blend films and membrane had been done such as, Sudhamani et al. [33] It was found that tensile strength of crosslinked CS-PVA films were higher in films which had the higher percentage of CS and maximum value obtained for CS-PVA (80-20) ratio was 74.5 ± 2.7. Application of PVA in food packaging industry had been studied by Kanatt et al. [48] they prepared chitosan (Ch) and PVA films by mixing the PVA and Ch solutions at various ratio (1:1, 1:2 and 2:1) with Glycerol (0.1% v/v) as plasticizer and mint extract (ME)/ pomegranate peel extract (PE) was added at concentration of 0.1%. The result shows that films which had higher PVA concentration had high tensile strength. The addition of ME/PE results in the increase of tensile strength with maximum value 41.07 ± 0.88 MPa for C1P2P (1:2 Ch:PVA ratio and 0.1% PE). Tian et al. [46] fabricated polyvinyl alcohol/starch blend films by melt processing and investigated the effect of composition and humidity. FTIR spectra result indicated that the OH groups on starch and PVA formed hydrogen bonding interactions, which could improve the compatibility of the two components. The tensile strength, elongation at break and Young's modulus decreased with increasing content of starch. However, at 50% starch content, the flexibility of the blend films was still high, with the elongation at break more than 1000% and tensile strength of 9 MPa, which was superior to the commonly LDPE package films. Therefore, these kinds of blend films exhibited wide application potentials as packaging materials. Jahan et al. [41] studied the effect of ionic crosslinkage with KNO 3 on chitosan-PVA blend film to enhance the mechanical strength and percentage elongation. The result shows that tensile strength of the CS-PVA (50/50) blend was increased by 298.75% and percentage of elongation from 7.16% to 67% after crosslinking with KNO 3 (0.5 g). Table 2 represent mechanical properties of different PVA based composites/films in details.
PVA based nanocomposite
From past few years research has been shifted toward nanocomposite [49] because of high compatibility result in improvement in mechanical properties (modulus, strength etc.), decrease in water absorption etc. Kashyap et al. [40] developed graphene oxide (GO) reinforced PVA nanocomposite. The result shows that tensile strength of neat PVA film was 25.3 ± 3 MPa whereas PVA-GO had 63 ± 5 MPa and Young's modulus of PVA film is 2.32 ± 0.3 MPa whereas PVA-GO had 5.82 ± 0.6 MPa. Li et al. [50] fabricated PVA/ cellulose nanowhiskers/chitosan nanocomposite. One weight percentage CNWs and PVA (5%) were added at different percentage of chitosan. Result shows that PVA/ chitosan (chitosan 15 wt.%) composites had a much lower elongation at break than pure PVA whereas PVA/CNWs nanocomposite films showed an increase in both tensile strength and elongation at break as compared with pure PVA films due to increased interactions between PVA chains and CNWs via hydrogen bonding. Mandal and Chakrabarty [43] prepared PVA and nanocellulose (2.5, 5, 7.5 and 10 wt.% w.r.t. solid PVA content) from sugarcane bagasse based nanocomposite. For crosslinking glyoxal (10 wt.% of solid PVA) was used. Figure 3C represent the SEM image of surface of NC-PVA (5 wt.% of NC) composite. The tensile strength of neat PVA and crosslinked Different percentage by weight (5-10%) of PVA w.r.t to distill water Tungsten disulphide nanotubes [24] Lead sulfide nanoparticles [34] Cellulose whiskers [42] Nanospherical cellulose particle [27] Microfibrillated cellulose [37] Grapheme oxide [26] Nanocellulose from sugarcane bagasse [43] Lignosulfonate [29] Alyssum homolocarpum seed gum [44] PVA solution with distill
Stirring the solution at 80-90°C for 60-120 min Adding fiber/particle for PVA based composites or Adding different polymer for PVA blend films Crosslinking of PVA based composites/films Without crosslinking Solution was casted into a polystyrene petri dish and kept in an vacuum oven for drying Glutaric acid [24] Thermal crosslinking [24] Electrospun crosslinking [47] Glyoxal [37] KNO 3 [41] Gellan [33] Chitosan [32] Fish myofibrillar protein [45] Starch [46] Different temperature and time taken up by researchers PVA films were 41.3 kPa and 57.7 kPa, respectively. There was an approximately 48% improvement in the tensile strength of the PVA nanocomposite films with the addition of nanocellulose at 7.5 wt.%. In case of crosslinking maximum strength was achieved at 5 wt.% nanocellulose content which was higher by 44% with respect to [24] . (B) Fracture surface of the MFC-PVA composite [37] . (C) Composites containing 5 wt.% NC [43] . (D) Pure PVA [29] . (E) Cross-section of AHSG films [44] . (F) Pure PVA [46] .
cross linking PVA film. Xu et al. [39] prepared nanocomposite based on PVA/cellulose nanocrystals/silver nanoparticle. The 10% PVA solution in 100 ml distilled water was mixed with a specific amount of aqueous CNs and CNs/AgNPs to obtained different composition. stirring the solution at 343 K for 8 h. Water absorption test was performed on PVA based membrane by immersed it into deionized water for 2 h there is about 240% water uptake for PVA-ZrP-Cs 1 -SWA hybrid membrane and 140% water uptake for PVA-ZrP-Cs 2 -SWA hybrid membrane. Effect of crosslinking (crosslinking was done by dipping the membrane into 0.5 wt./vol.% TMC/hexane) on swelling degree was study and result show that swelling degree varies from 68 to 76% and films having the higher percentage of PVA shows higher swelling degree. The effect of glyoxal crosslinking on swelling power of composite had been studied which shows that swelling power decreases with crosslinking from 105.6% to 78.3% from neat PVA to crosslinking PVA and swelling power of crosslinking MFC-PVA was 75.1%. Abdulkhani et al. [38] studied water absorption properties which ranged from 33% to 42% for cellulosic film and from 73% to 78% for cellulose/PVA film which shows that due to the presence of -OH water absorption of cellulose/PVA film is higher than cellulosic film. Tian et al. [46] studied the effect of starch on water up take of PVA/starch blend film. With the increase of starch, the degree of crystallinity of PVA component decreased and water uptake at equilibrium decreased. With the increase of RH, the water uptake at equilibrium of the resulting blends increased. Figure 3F represent SEM image of pure PVA film. Srinivasa et al. [32] study water solubility of the blend film results show that neat PVA is completely soluble in water whereas the solubility of a film decreases with increase in the percentage of FMA in blend films. Films with pH level 11 show higher solubility as compared with pH level 3 films. Marvdashti et al. [44] studied the effect of Alyssum homolocarpum seed gum (AHSG) on the solubility of PVA/AHSG film. Figure 3E represent the SEM image of cross section of ASHG film. It was found that with the increase in AHSG percentage the solubility of the film in water decreases. PVA film had 75 ± 3.5% solubility as compare to AHSG film which had 13 ± 1.3% solubility. Table 3 represents water uptake, solubility and swelling properties of different PVA based composites/films in details.
Conclusions
This paper provides an overview on mechanical and water absorption properties of PVA based composites/films. Preparation of PVA based composites/films with fiber/ particle reinforcing by different researchers have been review and it was found that PVA composites/films were mechanically stronger and tougher than the PVA films due to better interfacial adhesion. Properties of modified films/composites depend on the methods of modification, crosslinking and different blending polymer. To reduce water absorption crosslinking were done by many researchers have been discussed. Research is in progress to overcome the limitations such as cost effective, water absorption and biodegradability of PVA based composites/films, to have it is widespread application in different field.
